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Straight-line and change of direction intermittent running in professional soccer players

Abstract
Purpose: The present study aimed to investigate the difference between straight-line (STL) and change of direction (COD) intermittent running exercises in soccer players. Methods: Seventeen male professional soccer players performed the agility T-test and 6 intermittent running exercises: 10s at 130% of maximal aerobic speed (MAS) alternated with 10s of rest (10-10), 15s at 120% of MAS alternated with 15s of rest (15-15) and 30s at 110% of MAS alternated with 30s of rest (30-30) both in STL and with COD. All exercises were monitored using a global positioning system. Heart rate (HR) was measured during exercises and the rate of perceived exertion (RPE) was collected post-exercise. Delta (Δ) between covered distance in STL and COD exercises at a similar load was calculated and relationships between T-test and Δ distance were analysed. Results: COD intermittent exercises showed a significantly decreased distance covered and an increased number of accelerations, HRpeak and RPE value compared to STL intermittent exercises at a similar load. High relationships were observed between T-test performance and Δ distance in 10-10 (r=0.72, p<0.01) and 15-15 (r=0.77, p<0.01) whereas no significant relationships were observed between T-test performance and Δ distance in 30-30 (r=-0.37, p=0.2). Conclusion: Intermittent COD exercises were associated with higher acceleration, HRpeak and RPE compared to STL during 10-10 and 15-15 exercises. The ability to rapidly change direction is a crucial quality to perform intense sport-specific running in professional soccer players.
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Introduction
Physical performance in elite soccer matches is characterized by high-intensity running in both linear and multiple directions with recovery periods differing in nature and duration.1-3 The most decisive actions in soccer are often preceded by changes of pace and occur after sprints, challenges, tackles and changes of directions.1-3 Intermittent high-intensity training, using straight-line (STL) or change of direction (COD) running conditions is largely used by coaches to improve aerobic fitness and the ability to accelerate and change direction.3-5 Previous findings3,5 suggest that COD running reduced distance covered, increased exercise intensity and induced an increase in anaerobic metabolism. This may be due to a higher glycolytic contribution, post-exercise blood lactate and perceived physiologic ratings of exertion.3-5
	Agility is an important quality in successful actions in team sports.6-8 It is defined as the ability to rapidly change direction, without losing balance, in response to a stimulus using a combination of strength, power and neuromuscular coordination.9 According to the agility model proposed by Sheppard & Young9, straight sprinting speed, lower-limb reactive strength, concentric strength and power, and left-right strength balance were identified as key markers of COD ability. In this context, it has been previously reported that soccer players perform nearly 700 COD per game.1,2,7 However, the ability to perform COD actions while running at high intensity is recognized as a crucial factor to compete at the highest level in soccer and thus, this ability should be assessed.2,6,7
	The systematic monitoring of training load is crucial within soccer to understand the external load and subsequent internal load response to specific drills/matches.10,11 Common methods include time motion analysis (such as video11 and global positioning systems, (GPS))12,13,14, heart rate kinetics10,15 and Rating of Perceived Exertion (RPE).10,16 Usually, GPS technology is used to measure the distance covered or time spent at different movement velocities.12,13,14 Recently, the metabolic power (MP) concept10,11 was suggested as a new GPS parameter estimated from acceleration and deceleration phases according to the theoretical approach introduced by di Prampero et al.16 This new approach could assist coaches to better understand the positional demands of matches, the distribution of work and the energy requirement following competition and training in different team sports.12,17-19 Previous studies using GPS have focused on evaluating the distance covered at different velocities and the energetic cost on soccer training13 and different small-sided games.14,20 However, few studies have investigated intermittent running training using GPS technology in professional soccer players. To the best of our knowledge, no data has been published on how the ability to rapidly COD may influence the distance covered and the MP. The aims of the present study were therefore (1) to investigate STL and COD intermittent running in professional soccer players, and (2) to study the influence of COD ability on the covered running distance according to various modalities.


Methods
Participants	
Seventeen male professional soccer players (age: 26.1 ± 2.3 years; body mass: 75.1 ± 7.1 kg; height: 184.2 ± 7.1 cm) from the same team of the Qatar Stars League took part in this study across a 30 day period during the winter break of the 2013-2014 season. Each player was informed about the study including the risks and benefits and provided written informed consent. The study was approved by the local Ethics Committee in accordance with the principals outlined in the Declaration of Helsinki. 


Design
Prior to the beginning of the of the data collection protocol, anthropometric measurements were taken from all participants. Players performed on different days various intermittent running exercises in STL or COD shuttle running according to their maximal aerobic speed (MAS). All exercises were monitored using a portable GPS device to obtain covered distance, acceleration and estimated MP. Likewise, the RPE and maximal HR (HRpeak) were collected after each exercise. Players’ agility performance was determined one week before the beginning of the data collection using the agility T-test to explore the influence of agility performance on the distance covered between STL and COD intermittent running at a similar load.

Agility T- test	
Players’ COD ability was determined one week before the beginning of the data collection using the agility T-test.21 Four cones were arranged in a T-shape (Figure 1), with a cone placed 10 m from the starting cone and 2 further cones placed 5 m on either side of the second cone. Players were asked to sprint forward 10 m from the start line to the first cone and touch the tip with their right hand, shuffle 5 m left to the second cone and touch it with their left hand, then shuffle 10 m right to the third cone and touch it with their right hand. The player then had to shuffle 5 m left to the middle cone and touch it with their left hand before finally backpedaling to the start line. Trials were deemed unsuccessful if participants failed to touch a designated cone, crossed their legs while shuffling, or failed to face forward at all times. Electronic timing gates (Photo Cell Kit Speed Brower, USA) placed 1 m above the ground, were positioned on the start-finish line for timing the T-test. The ICC and the SEM for test-retest reliability of the T-test were 0.95 (95% CI, 0.81-0.98) and 0.18 s as reported by Pauole et al.21
---Please enter Figure 1 near here---


Maximal aerobic speed test 
The MAS for each player was determined one week before the beginning of the data collection. The results were used to individualise the intensity of the intermittent exercise. The test took place on a football pitch on 200 m track with cones placed every 20 m. A pre-recorded soundtrack indicated with brief sounds the instant when the subject had to pass the nearest cone to maintain the imposed speed. The initial speed was 8.5 km.h-1 and increased by 0.5 km.h-1 every minute until exhaustion. A longer sound marked a change of stage. The velocity at the last completed stage was increased by 0.5 km.h-1 if the subject was able to run a half stage, and was assumed to represent the MAS.22 This test has demonstrated good levels of validity to estimate the VO2max (r=0.96, SEE=2.81 ml.kg-1.min-1) and strong reliability (r=0.97, SEE=1.92 ml.kg-1.min-1).22 The subjects were encouraged to exert their maximum effort. The test was stopped when the player could not maintain the required speed (i.e., when he failed twice to reach the cone in time). Heart rate was continuously monitored during the test by short-range radio telemetry (Polar Team Sport System, Polar Electro Oy, Finland) with heart rate values averaged every 5 s. The heart rate obtained during the end of the test was considered as the HRpeak.

Intermittent running exercises	
Players performed three intermittent running exercises: 10 s at 130% of MAS alternated with 10 s of rest (10-10), 15 s at 120% of MAS alternated with 15 s of rest (15-15), 30 s at 110% of MAS alternated with 30 s of rest (30-30). Each exercise was performed in STL and COD in shuttle running with a 180° angle of direction according to their MAS (Table 1). No instruction was given to the player about the use of right or left foot during shuttle. During the COD exercises, the calculation of the distance allowed the researchers to define only one COD for all players and exercises. The players were accustomed to these types of exercises in their standard training. Intermittent exercises were randomly performed in two sets at the same time of the day to avoid any effect of circadian rhythms and separated by at least 72 hours to avoid the effects of fatigue. All exercises were performed on the same natural grass soccer field and players wore the same soccer shoes for each exercise. An appropriate and specific standardized warm-up was performed before each exercise session. The same coaches provided standard verbal encouragement during all exercise sessions to ensure the maintenance of a consistently high work-rate.

---Please enter Table 1 near here---

GPS monitoring	
Intermittent running exercises were monitored using a portable GPS technology with integrated accelerometer (GPSports SPI Pro X, Canberra, Australia). GPS devices were placed into a harness between the player’s shoulders blades. This device provides position, velocity and distance at a sampling rate of 5-Hz which is extrapolated to 15-Hz using the manufacturer’s specific algorithm. GPS systems have been shown to provide valid and reliable estimates of distance and velocity during linear, multidirectional activities in field-based team sports.12-14,17 All devices were activated 15-min before the data collection and checked to ensure connection to satellites prior to data collection.12,23 The number of available satellites during data collection was 8-11.12,23 Players wore the same GPS device for each exercise sessions in order to avoid inter-unit error.23 Acceleration and deceleration efforts were classified as two consecutive samples (0.2 s) exceeding the threshold of 2.78 m.s-2.23 Following each exercise sessions, GPS data were downloaded using the adequate software package (GPSports Team AMS software v 2011.16) and were exported to a customized Microsoft Excel spreadsheet in which the equations for estimating instantaneous energy cost and MP11,16-19 were integrated to estimate average MP (W.kg-1) for each intermittent exercise. 

Heart rate measurement
HR was recorded at five-second intervals during different all testing using short-range radio telemetry (Polar Team Sport System, Polar Electro Oy, Finland). The HRpeak during each intermittent exercise and the MAS test was recorded for further analysis. 

Rating of perceived exertion (RPE)
RPE was collected 30-min after each intermittent exercise using a modified 10-point Borg scale.24 Each player was asked “How did you perceive your exertion exercise?” to record a subjective estimation of the physiological load during each exercise. This scale has been previously validated in soccer.10

Statistical Analysis 
All data are expressed as means ± standard deviation (SD). All statistical analyses were conducted using the statistical package for the social sciences (SPSS, Version 18.0, SPSS Inc., Chicago, IL, USA). The normality of data was checked by the Kolmogorov–Smirnov test completed by the Lilliefors’ method. Student’s paired t-test was used to explore mean differences in covered distance (m), acceleration (n), MP (W.kg-1), HRpeak and RPE between STL and COD intermittent running at a similar load. Effect size (ES) was quantified and classified to indicate the meaningfulness of the difference as trivial (<0.2), small (>0.2–0.6), moderate (>0.6–1.2), large (>1.2–2.0), and very large (>2.0) based on guidelines from Batterham and Hopkins.25 Delta (Δ) distance was computed as a symmetric difference between covered distance in STL and COD intermittent running at a similar load. One-way analysis of variance (ANOVA) tests were used to compare Δ distance between 10-10, 15-15 and 30-30 with Bonferroni post hoc tests used to verify pairwise comparisons. As data were normally distributed, Pearson’s product moment correlation coefficients were used to examine the relationships between agility performance and Δ distance. The magnitude of the correlation was interpreted as: trivial: r < 0.1; low: 0.1-0.3; moderate: 0.3-0.5; high: 0.5-0.7; very high: 0.7-0.9; nearly perfect > 0.9; and perfect: 1.26 The level of significance was set at p<0.05.


Results
The mean T-test timing and MAS performed by the players were 9.5 ± 0.9 s and 17.6 ± 2.3 km.h-1, respectively. The mean HRpeak during the MAS test was 186.6 ± 5.3 bpm. The comparison of the different intermittent exercises demonstrated significant higher covered distance in STL compared to COD at a similar load (Table 2). Moreover, acceleration, HRpeak and RPE were significantly higher in the COD compared to STL at a similar load (Table 2). MP showed a significant difference between STL and COD of both intermittent 10-10 at 130% and 15-15 at 120%. No significant differences were observed of MP between STL and COD in 30-30 at 110% (p= 0.13). The Δ distance between STL and COD intermittent running at a similar load are shown in Figure 2.

				---Please enter Table 2 near here---
---Please enter Figure 2 near here---

	Pearson’s product moment correlation demonstrated very high correlations between T-test performance and Δ distance in 10-10 at 130% (r = 0.72, p<0.01, Figure 3.A) and 15-15 at 120% (r = 0.77, p<0.01, Figure 3.B). However, no significant relationships were observed between T-test performance and Δ distance in 30-30 at 110% (r = -0.37, p=0.2). 	

---Please enter Figure 3 near here---

		
Discussion
The present study examined the influence of agility performance in two different types of high-intensity intermittent exercises at a similar load in professional soccer players. The main findings demonstrated that COD exercise is characterized by higher acceleration, HRpeak, and RPE values in comparison to STL exercise. Furthermore, the current data showed significant relationships between T-test performance and Δ distance of high-intensity intermittent running (10-10 at 130% and 15-15 at 120%) indicating that players COD ability’ reduces the Δ distance in high-intensity intermittent running.
	The ability to change direction during high-intensity running has been recognized as an important factor for a successful participation in team sports.2-4,6-9 The players of the current study showed a similar agility T-test performance reported in previous literature.8,9 Göral8 reported in soccer players that defenders, midfielders and strikers demonstrated a mean T-test of 9.8 ± 0.3, 9.7 ± 0.1 and 9.8 ± 0.2 s, respectively. Despite the fact that technique, straight-line speed and muscle qualities (i.e., strength, power) are the crucial factors that could influence the ability to change direction,9 the impact of agility on intermittent running exercises remains unclear. Traditionally, the T-test aimed at measuring the COD ability has largely been used in the routine assessment of field team sports athletes.8 However, to the best of our knowledge, this is the first study that tries to explore the influence of agility performance in Δ distance covered STL and COD intermittent running exercises. The higher magnitude relationship found between the T-test and Δ distance in high-intensity intermittent running (10-10 at 130% and in 15-15 at 120%) suggests that the ability of the players to produce fast-paced actions will reduce the Δ distance. This finding confirmed the importance of agility as a decisive quality in elite soccer players since the COD represented around 11% of player movement during games7 and that accelerations/decelerations were strongly demanding during the match.2 Nevertheless, a variation of distance in 30-30 at 110% was not influenced by COD performance. This result could be explained by an increase in aerobic system involvement and cardiovascular workload associated with a reduction of exercise intensity.4 Moreover, the longer distance run before making a COD during 30-30 compared to both 10-10 and 15-15 intermittent exercises could also support in part this finding.
The MAS performed by the players is similar to the values reported in the literature in elite soccer players.1 It is well known that a MAS of 17 km.h-1 is the minimum required for professional soccer players,1 which corroborate with our findings (17.6 ± 2.3 km.h-1). The present study investigated three of the most used intermittent running modalities in soccer. These exercises are known to improve the ability to perform high-intensity intermittent efforts, cause an enhancement of cardiorespiratory adaptations and muscle tissue oxygenation.4,5,15 They also induce a greater physiological and psychologically perceived load.3 Furthermore, the modalities of these exercises could be adjusted and elaborated by modifying the distance, number, intensity and the nature of the runs, the duration and intensity of recovery.4 Previous studies in soccer,3,4,15 highlighted the effectiveness of intermittent training as one of optimal stimulus to elicit both maximal cardiovascular and peripheral adaptations. Therefore, it will be interesting to investigate the training effect on both STL and COD intermittent exercises. 
Although different approaches are frequently used to monitor the internal load of intermittent exercises and small sided games in soccer,10-15 the approaches for external load are still in its infancy.10 Recently, GPS technology has emerged as a tool to allow practitioners to quantify external load.12-14 The results of the present study showed a very large higher acceleration and a moderate higher MP, associated with COD exercise compared to STL exercise during high-intensity intermittent running (10-10 at 130% and 15-15 at 120%). The present findings are in agreement with previous studies3,5,27 and could be explained by the fact that players are required to accelerate and decelerate on more occasions during COD exercise compared to STL exercise. In fact, the accelerations and decelerations, the run-blockings, the involvement of additional upper-body muscles and the eccentric muscular contraction,6,8,9 as well as the increased O2 uptake5,32 and the extend duration of the effort induce a higher energy expenditure' during COD than during the STL running.3,5,27
Although the present data showed a significant difference in the distance covered and the number of accelerations between STL and COD at 30-30 at 110%, the MP was not significantly different between STL and COD despite the meaningfulness of the means difference. In this context, Buchheit et al.27 reported a higher oxygen uptake in 60 and 75% of the velocity associated with maximal O2 uptake while not significantly different at 45% of the velocity measured during STL and COD protocols.27 The lack of significance at 30-30 could be explained by firstly, an increase in aerobic metabolic and cardiovascular strain to such exercises and secondly, by the reduction of exercise intensity.4,15,27 Consequently, the concept or notion of “power” may be reduced since it is contribution is limited in these kind of exercises.4 In the present study, the mean of MP associated with intermittent running exercises (~14 and 15 W.kg-1) were higher compared to the mean of MP (~7 W.kg-1) observed during the overall training soccer session and a variety of training drills (often in the form of small-sided games) undertaken by elite soccer players.13,14 These findings confirm that intermittent running exercises are one of the most effective training tools in improving the physical performance of athletes in intermittent sport.4 In the same context, Dellal et al.15 found that the HR reached at the end of COD intermittent running exercise (15-15 at 115% and 30-30 at 100%) are higher than those found after small-sided games. Unfortunately, we didn’t investigate the small-sided games in the present study and we had focused only on intermittent running exercises. Future work should look to compare physical and physiological training responses of both intermittent running exercises and small-sided games using GPS technology and appropriate tests to better understand the effect of COD during small-sided games.
Recent studies have criticized the MP and reported an underestimation and a non reliable measure.5,28,29 Hader et al.30 have reported that while GPS are commonly-used, they have limited validity and reliability for short and intense movement patterns. Conversely, Osgnach et al.19 tried to lend further support to the general validity of MP and O2 consumption estimate via GPS. However, previous studies highlighted the importance of MP as useful metric parameter in the assessment of soccer players10,13,14 and other team sport players.12,17,18 Malone et al.18 concluded that the reduction in MP and traditional running based variables are comparable across match play and that MP may contribute to the understanding of Gaelic football match-play. Akenhead and Nassis10 provided information on the practices and practitioners' perceptions of monitoring in professional clubs. In fact, they found that the top five ranking training loads variables were acceleration, total distance, distance covered above 5.5 m/s, estimated MP, and HR exertion. On the other hand, various GPS device and technologies were developed and marketed in the few years. However, GPS technology sampling rate that may induce error should be taken into consideration. For example, Buchheit et al.28 and Stevens et al.5 investigated metabolic demands in collected data with GPS of 4 and 10Hz, respectively, and reported a mismatching and confusion for GPS technology and particularly for MP data. Consequently, the controversial literature stressed the importance and the needs of further studies regarding MP to state its usefulness in team sports. The MP of the current study doesn’t allow us to confirm its utility and we assume that it could be used as another metric parameter from GPS.
The current results showed that the players covered more distance during STL compared to COD of the same load and demonstrated a decreased in distance when the speed of running increases. The HRpeak and RPE presented higher values (moderate to very large; Table 2) for all intermittent exercises intensities of COD compared to STR. These results illustrate the greater physiological and psychological load generated by the succession of the shuttles as highlighted by Dellal et al.3 In fact, they reported that the COD induced an increase in anaerobic metabolism and consequently generate higher lactate accumulation. The lack of lactate measurement as an indicator of physiological demands and energy expenditure could be considered as a limitation of the present study due to the difficulty to access and perform invasive tests to professional soccer players.
In conclusion, the present study demonstrated a significant relationship between T-test performance and Δ distance of high-intensity intermittent running of 10-10 at 130% and 15-15 at 120%. Furthermore, the data showed a higher acceleration, HR peak and RPE in intermittent exercises in COD conditions compared to STL conditions at a similar load. These findings highlight the importance of COD ability to succeed high intense running in professional soccer players. Strength and conditioning coaches should emphasize and assert agility and COD exercises during their training programs.
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Figures captions
Figure 1. Agility T-test
Figure 2. Mean ± SD of Δ distance between STL and COD high-intensity running at a similar load. ** p<0.01.
Figure 3. Correlation between the timing of T-test and Δ distance in 10-10 at 130% and 15-15 at 120%.


	
Table 1: Characteristics of different performed intermittent high-intensity exercises.

Exercise	Work	Recovery
	Duration	Repetitions	Duration	Type
10-10 at 130%	STL	6	2	5	Passive
	COD	6	2	5	Passive
15-15 at 120%	STL	8	2	5	Passive
	COD	8	2	5	Passive
30-30 at 110%	STL	8	2	4	Passive
	COD	8	2	4	Passive
STL: straight-line intermittent exercise; COD: change of direction intermittent exercise


Table 2: Mean ± SD of covered distance, acceleration, metabolic power, HR peak and rating of perceived exertion during different intermittent high-intensity exercises.
	
	 	Covered distance(m)	Accelerations (n)	MP (W.kg−1)	HR peak	RPE
10-10	STL	2193.6±105.2**	48.5±5.4	14.8±0.6	183.2±5.0	8.0±0.6
	COD 	2039.5±94.4	67.1±6.6**	15.3±0.5**	185.2±5.5*	8.6±0.5*
	ES	1.6	>2.0	0.9	0.37	1.07
15-15	STL	2705.3±130.7**	43.7±5.3	14.5±0.5	180.8±5.2	7.6±0.6
	COD 	2582.5±118.8	59.9±4.4**	15.1±0.7**	184.9±6.8*	8.2±0.6**
	ES	1	>2.0	1	0.7	1
30-30	STL	2482.8±26.6**	24.3±0.8	14.3±0.2	181.3±1.4	7.1±0.1
	COD 	2411.6±29.9	39.1±0.8**	14.6±0.1	183.5±1.5*	7.5±0.2*
	ES	>2.0	>2.0	1.7	1.5	>2.0
Mean significant difference between straight-line (STL) and change of direction (COD) intermittent exercises at a similar load load. ** p<0.01, * p<0.05. ES: Effect size as trivial (<0.2), small (>0.2–0.6), moderate (>0.6–1.2), large (>1.2–2.0), and very large (>2.0).
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